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Abstract: The aim of this study was to investigate and compare the effects of low-level laser therapy (LLLT) and dimethyl sulfoxide
(DMSO) on tendon healing in rabbits. A total of 30 adult healthy New Zealand rabbits were used for this study. The rabbits were
randomly allocated into 3 groups containing an equal animal number. The experimental tenotomy of the Achilles tendons was created
on longitudinal aspect with 10 mm in length. During the postoperative 21-day of period, rabbits in Group I were exposed to laser beam
at a rate of 10.8 J/cm2 in 5 cm2 area for 4 min. In the same period, 30% DMSO solution was applied externally to the injured tendon
region for Group II. Saline solution was applied to the injured tendons area for Group III. Daily clinical examinations of each rabbit were
recorded during the treatment period. At the end of the 21-day treatment period, all rabbits were euthanized and their tendons were
examined macroscopically. Histopathological examination of the tendons was then carried out. Immature and mature connective tissue
cells had an equal number of distribution in Group I; mild immature connective tissue cells and mostly mature connective tissue cells
were observed in Group II, and partially longitudinal, scattered, and irregularly arranged, immature connective tissue cells (fibroblasts)
were observed in Group III. As a result, satisfactory findings were obtained from LLLT and DMSO applications for the treatment of
tendon injuries taking into consideration the histopathological and clinical findings. Moreover, DMSO provided a better recovery when
these two applications were compared. However, it was suggested that combined application of DMSO and LLLT might have a strong
positive effect on the healing process.
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1. Introduction
Tendons are anatomical formations that are involved in
the attachment of muscles to bone, cartilage, or fasciae [1].
Tendon injuries occur when tendon fibers (fibrillar and
fascicular) are torn as a result of excessive tensions and
traumas. In these cases, there is swelling in a certain part or
all of the tendon. The swelling has the character of edema
and phlegmon, it is hot and painful. On palpation, the
area where the fibrillar rupture is located is more sensitive.
There is moderate and significant lameness occurring in a
short time after the trauma [2, 3, 4].
In the period when acute tendinitis begins, buffers are
applied to the area by diluting 1/3 of dimethyl sulfoxide
(DMSO) locally. It is aimed to relieve inflammation, reduce
pain in the region, and support the regeneration of the
tendon by applying nonsteroidal antiinflammatory agents,
analgesic drugs, polysulfated glucosaminoglycan (PSGAG)
substances. Alternatively, therapeutic ultrasound, lowlevel laser therapy (LLLT), electromagnetic field therapy,

bone marrow and stem cell studies have been reported in
the treatment of tendinitis [5, 6, 7, 8, 9].
LLLT has been used widely in veterinary medicine, as
it has effects such as increased blood circulation, collagen
synthesis, increased energy, decreased inflammation,
increased venous and lymphatic flow, and reduced pain
[10, 11, 12, 13, 14]. Furthermore, the inflammation in the
tendons can be reduced by laser treatment. Particularly
in acute tendinitis, a positive result may be obtained due
to the reduction of inflammation in the region and the
increase in collagen tissue. LLLT also reduces pain in
subacute and chronic tendinopathy when using in a valid
treatment procedure and a specific dose [15, 16, 17, 18].
Therapeutic ultrasound provides thermal and
nonthermal effects on cells and tissues, contributing to the
tendon healing process. Therapeutic ultrasound is thought
to accelerate repair by affecting cell activities [19, 20, 21].
Stem cell therapy has been reported as another
treatment option in tendon damage. In this technique,

* Correspondence: gulty@hotmail.com

This work is licensed under a Creative Commons Attribution 4.0 International License.

403

CEYDELİOĞLU et al. / Turk J Vet Anim Sci
stem cells taken from the patient’s own fat tissue were
injected into the damaged tendon area and had a positive
contribution to the repair of the tendon [22, 23].
In this study, it was aimed to compare DMSO and LLLT
applications on the healing processes in tendon injuries.
2. Materials and methods
2.1. Materials
The study was carried out in Erciyes University, Faculty
of Veterinary Medicine, Department of Surgery. Study
approval was obtained with the decision of Erciyes
University Animal Experiments Local Ethics Committee
(EUHADYEK).
2.1.1. Animal material
The animal material consisted of 30 adult (12 months and
over), mixed-sex, New Zealand breed rabbits weighing an
average of 2–4 kg. Three separate groups were created by
randomly selecting 10 rabbits in each group, with equal
number of male and female animals. The study was carried
out on the right Achilles tendons. In addition, healthy left
Achilles tendons of 6 rabbits randomly selected from the
groups were also included in the study for histopathological
comparison with injured tendons.
2.2. Method
2.2.1. Preparation for surgical Intervention
Rabbits were fasted and dehydrated 6 h before the
operation. All animals were examined clinically for possible
disease. Body temperature, respiration, and heart rate were
measured.
In each rabbit, the area between genu and the tuber
calcenei on right extremity was shaved and prepared for the
operation.
2.2.2. Anesthesia protocol
For the premedication, xylazine hydrochloride (Xylazine Bio
2%, 20 mg/mL, Bioveta, Czech Republic) was administered

to each rabbit intramuscularly (IM) at a dose of 5 mg/kg.
Ketamine hydrochloride (Ketasol 10%, 100 mg/mL, Ricter
Pharma, Austria) was injected IM at a dose of 35 mg/kg
after 10 min of premedication.
2.2.3. Creation of tendon damage
After making a 2 cm long skin incision on the midline
over the Achilles tendon, retraction of the subcutaneous
connective tissues was performed, and the Achilles tendon
was exposed. The fascia on the Achilles tendon was opened
with blunt dissection and the tendon was reached.
After the damage was made by making a 1 cm length
cut in longitudinal side with a scalpel (Figure 1), the
subcutaneous tissues and then skin of the operation area
were closed using polyglactin 910 usp: 2.0 (Vicryl, No: 2.0,
Vauxhall Industrial Estate, United Kingdom) with a simple
interrupted suture technique.
2.2.4. Groups
Thirty rabbits were allocated to three groups, each group
consisted of 10 randomly selected rabbits.
Group I (LLLT group): The Maestro CCM brand laser
device was applied to the 5cm² area daily for 21 days at a
dose of 10.8 J/cm² for 4 min with a frequency of 3.0 Hz
(Figure 2).
Group II (DMSO group): DMSO solution prepared was
applied externally to the injured tendon area for 21 days.
For this application, a 30% DMSO solution was prepared
with 3 mL of DMSO and 7 mL of lactated Ringer’s solution.
The solution was applied once a day by massaging for 4 min.
Group III (control group): During the postoperative
21-day period, the damaged area was cleaned with
physiological saline, and no other application was made.
2.2.5. Postoperative applications
In the postoperative period, 400,000 IU of iecilline
(İ.E.ULUGAY, İstanbul, Turkey) was administered
intramuscularly once a day for 5 days for the all groups.

Figure 1. Creation of damage to the Achilles tendon with a longitudinal incision
of 10 mm length.
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Figure 2. Application of the laser beams to the damaged area.

As an analgesic, butorphanol (Butomidor, 10 mg/mL,
Richter Pharma AG, Austria) 0.1 mg/kg was administered
intramuscularly once a day for 3 days.
2.2.6. Postoperative clinical evaluation
All rabbits were observed during the postoperative 21-day
treatment period to evaluate the clinical findings. LLLT,
DMSO, and control groups were examined separately for
lameness and the following score table was created.
The degrees of lameness were graded as follows:
Grade 0: Absence of lameness,
1st degree: Mild lameness and can usually step on the
foot,
2nd degree: Moderate lameness and occasional stepping
on the foot,
3rd degree: Severe lameness and permanent hanging of
the foot.
2.2.7. Histopathological examination
At the end of the postoperative 21-day period, all rabbits
were euthanized by administering intravenous (IV) Napentobarbital at a dose of 50 mg/kg and their Achilles
tendons were isolated for histopathological examination.
Histopathological examination of the tissues for Group III
was performed in order to compare them with the samples
obtained from the LLLT and DMSO groups.
The tendons of rabbits were collected and fixed in
buffered neutral formaldehyde, and then the specimens
were thoroughly rinsed overnight under tap water. All tissue
samples were dehydrated in graded alcohol and cleared in
xylene, and embedded in paraffin using an automated Leica
Tissue Processor, TP1020.Sections (4–5 µm) were prepared
using a microtome. After staining with hematoxylin and
eosin, the sections were examined under a light microscope

and the degree of damage was scored.
Following hematoxylin and eosin staining, all sections
were semiquantitatively evaluated for inflammatory
response, immature connective tissue formation, and
neovascularization. In the semiquantitative method, each
injury parameter was scored by two pathologists in 10
different areas in a section for each animal’s tendon, and the
mean percentile values within the group were calculated. The
mentioned parameters were accepted as 1 (mild) if they were
less than 33%, 2 (moderate) if they were between 33% and
66%, and 3 (severe) if they were more than 66% (Table 1). The
values obtained in each group were evaluated statistically and
the statistical significance between the groups was recorded.
2.2.8. Statistical analysis
The conformity of the data to the normal distribution was
evaluated with histogram, q-q graphs, and the Shapiro–
Wilk test. Homogeneity of variance was tested with
Levene’s test. One-way analysis of variance (ANOVA) was
used for quantitative variables in comparisons between
groups of more than two. One-way analysis of variance
(R-M ANOVA) was used for repeated measures in
comparisons between measures. Bonferroni and Tukey’s
tests were used in multiple comparisons. The analysis of
the data was carried out in TURCOSA (Turcosa Analitik
Ltd Co, Turkey www.turcosa.com.tr) statistical software.
The level of significance was accepted as p < 0.05.
3. Finding
3.1. Evaluation of clinical findings
From the first postoperative day of the study, all rabbits in
the LLLT, DMSO, and control groups were walked on a flat
platform and their lameness degrees were recorded.
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Table 1. Tendon damage scoring table.
Scoring table
None

Mild

Moderate

Severe

Immature connective tissue formation

0

1

2

3

Neovascularization

0

1

2

3

3.1.1. LLLT group (Group I)
The mean degree of lameness in the 1st week was
recorded as 1.90 ± 0.74. In addition to mild and moderate
lameness, low-intensity pain was detected, and no signs of
inflammation were found.
At the end of the 2nd week, mean lameness grade was
recorded as 0.50 ± 0.53. No signs of pain or inflammation
on extremity were observed.
On the 21st day of the study, the lameness completely
disappeared and no signs of pain and inflammation were
visible.
3.1.2. DMSO group (Group II)
The mean degree of lameness in the 1st week was recorded
as 1.80 ± 0.63 postoperatively. While mild and moderate
lameness was observed, no significant difference was
detected compared to Group I. There was no sign of
inflammation and pain at the end of the 7th day.
At the end of the 2nd week, the mean lameness score
was recorded as 0.30 ± 0.48. No sign of lameness was
visible for 8 rabbits.
In the final evaluation on the 21st day of the study,
lameness completely disappeared in all rabbits.
3.1.3. Control group (Group III)
The mean degree of lameness of the rabbits in the
control group was noted as 2.50 ± 0.53 in the first week
postoperatively. Moderate to severe lameness was observed.
Rabbits held their leg and had difficulty in walking. Pain
was determined, and moderate inflammation findings
were observed.
At the end of the 2nd week, the mean degree of
lameness was determined as 1.10 ± 0.74. Mild to moderate
lameness was evident. However, regression in pain and
inflammation was observed.
On the 21st day of the study, the lameness score was
determined as 0.40 ± 0.52. Three rabbits had mild lameness.
In other rabbits, lameness was gradually decreased with a
rate of 0–1. At the end of the study, no signs of pain or
inflammation were found for the any of the rabbits.
A statistically significant difference for lameness
scoring was obtained between Groups I, II, and III at the
end of the 1st week (p < 0.05), (Table 2).
A statistically significant difference was also found
between Groups I, II, and III for the lameness scoring at
the end of the 2nd week (p < 0.05).
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3.2. Histopathological findings
At the end of the study, healthy tendons from euthanized
rabbits were evaluated and the tendons were all
macroscopically normal. Histopathological examination
of tendons showed normal tenoblast and tenocyte
formation (Figure 3A). The tendon damage parameters
were evaluated for inflammatory response, immature
connective tissue formation, and neovascularization, and
the damage scores were found to be zero (Tables 3 and 4).
Following euthanasia, no macroscopic finding was
observed in tendons in any of the groups (Groups I, II and
III).
3.2.1. LLLT group (Group I)
Histopathological view revealed that the defect was filled
with moderately connective tissue while immature and
mature connective tissue cells in the area had almost
equal distribution (Figure 3B). In addition, severe
vascularization (Figure 3C) and moderate mononuclear
cell infiltration consisting predominantly of lymphocytes
was also observed.
3.2.2. DMSO group (Group II)
In the histopathological examination, mild immature
connective tissue cells were found in the area, while most
of the connective tissue cells were in mature morphology.
In addition, no inflammatory cells were observed and the
degree of vascularization was mild (Figure 3D).
3.2.3. Control group (Group III)
In the histological examination of the tendons, in the
incision area, partially longitudinal, scattered, and
irregularly arranged immature connective tissue cells
(fibroblasts) with centrally located oval or flat nuclei
resembling granulation tissue were observed (Figure
4A). However, mononuclear cell infiltration varying from
mild to moderate severity (Figure 4B) and increased
vascularization were observed in this area.
As a result of the semiquantitative evaluation of
tendons, a statistically significant difference was observed
between the groups in terms of immature connective tissue
formation and neovascularization (Table 5), (p < 0.05).
Besides, according to the histopathological examination,
it was determined that they formed a collagen structure
more similar to healthy tendon histology in Group II,
while inflammation in minimal and most of the connective
tissue cells were in mature morphology.
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Table 2. Evaluation results of lameness scoring in rabbits (mean ± SD).
Lameness scoring

Group

p

Group I (n: 10)

Group II (n: 10)

Group III (n: 10)

1st week

1.90 ± 0.74

1.80 ±0.63

2.50 ± 0.53aA

0.044

2nd week

0.50 ± 0.53

0.30 ± 0.48

1.10 ± 0.74

0.015

3rd week

-

-

0.40 ± 0.52C

-

p* <0.001

< 0.001

abA
abB

bA
bB

aB

<0.001

· The p-value represents the intergroup significance for each week, and the p*-value represents
the interweek significance of a group.
· The same superscripts letters on the same line indicate similarity between groups, and
different letters indicate difference.
· The same capital letters in the same line indicate similarity between weeks, different letters
indicate difference.
· Group I (LLLT group), Group II (DMSO group), Group III (control group)

Figure 3. (A) Normal histological appearance of cells in healthy tendon, H&E, 40×, (B)
Appearance of immature (arrows) and mature (asterisks) connective tissue cells at the
injury site in Group I (LLLT group), H&E, 10×, (C) Appearance of new vessel formations
(neovascularization) observed in the damaged site after 3 weeks in Group I (LLLT group)
(asterisks), H&E, 10×, (D) Appearance of connective tissue cells, mostly mature morphology,
filling the area in the damaged site in the Group II (DMSO group) (asterisks), H&E, 20×.

4. Discussion
In the present study, the effects of DMSO and LLLT
applications for the healing of experimentally induced
tendon injuries and the regaining of functional activity
were examined [24].

Different methods have been reported for the treatment
of tendon disorders. Treatment methods including LLLT,
therapeutic ultrasound, stem cell therapy, platelet rich
plasma (PRP) application, graft applications from various
tissues, and different suture materials and techniques have
been studied [9, 19, 22, 25].
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Table 3. Semiquantitative scoring system for neovascularization
in tendons.

Table 4. Semiquantitative scoring system for immature
connective tissue formation in tendons.

Animal number

Group I

Group II

Group III

Animal Number

Group I

Group II

Group III

1

3

0

3

1

2

1

3

2

3

1

3

2

2

1

3

3

1

0

2

3

1

1

3

4

1

0

3

4

2

2

2

5

3

1

2

5

2

1

1

6

1

0

3

6

2

1

2

7

3

1

3

7

1

1

3

8

1

0

2

8

2

2

2

9

3

1

2

9

2

1

2

10

1

1

3

10

2

1

1

· Group I (LLLT group), Group II (DMSO group), Group III
(control group)

· Group I (LLLT group), Group II (DMSO group), Group III
(control group)

Figure 4. (A) The appearance of partially longitudinal, scattered, and irregularly arranged
immature connective tissue cells (fibroblasts) resembling granulation tissue in Group III
(control group) (limited area surrounded by arrows), H&E, 4×, (B) Appearance of moderate
mononuclear cell infiltration mostly composed of lymphocytes (arrows) in Group III (control
group), H&E, 40×.

LLLT applied to the tendon tissue caused a significant
decrease in inflammation [25, 26, 27, 28]. In application, laser
beams reduce inflammation by decreasing prostaglandin
(PGE2) level and inhibiting cyclooxygenase-2 [29]. In a
human study, LLLT reduced inflammation and pain in
Achilles tendinitis when applied at a dose of 5.4 J/cm2 [26].
In our study, LLLT in 10.8 J/cm² for 4 min for 21 days was
applied to the tendon damaged area at a wavelength of
632 nm. While inflammation was not clinically observed
in rabbits after 7th day of application, mild mononuclear
cell infiltrations, the majority of which were lymphocytes,
were observed in 4 out of 10 rabbits.
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For the rabbits in Group II, no inflammation was
found in clinical examination from the 7th day, and
the presence of mononuclear cell infiltration was not
detected in histopathological examinations. In this
respect, although LLLT and DMSO had clinically similar
inflammatory reactions, DMSO showed a more effective
antiinflammatory property histopathologically.
In LLLT, photons increase neuron interaction by
sending positive ions such as Ca to the applied areas and
show analgesic effect [11]. Taking into consideration the
appropriate dose and duration of LLLT application, it
has been stated that LLLT reduces pain in subacute and
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Table 5. Semiquantitative scoring system for tendon damage in groups (mean ± SD).
Groups

p
Group I (n: 10)

Group II (n: 10)

Group III (n: 10)

Immature connective tissue formation

1.80 ± 0.42ᵃᵇ

1.20 ± 0.42ᵇ

2.20 ± 0.79ᵃ

0.002

Neovascularization

2.00 ± 1.05ᵃᵇ

0.50 ± 0.53ᵇ

2.60 ± 0.52ᵃ

0.000

p-value expresses the significance between groups at 0.001.
· The same superscripts on the same line indicate similarity between groups, and different letters indicate difference.
· Group I (LLLT group), Group II (DMSO group), Group III (Control group).

chronic tendinopathy [15]. In Group III, pain continued
until the 14th day. The use of right rate of laser beam
dosage with a sufficient time significantly affects the
healing. In addition, in studies where the application
time and dosage are insufficient, tendon healing did not
occur at the desired level [15, 30]. Ideal dose range of
1.4–14 J/cm² has been reported for irradiation in Achilles
tendon with a wavelength of 632 nm [15]. In our study,
irradiation was carried out close to the ideal dose range
specified by the application of a laser beam at a dose of
10.8 J/cm².
LLLT has been applied in combination with PRP
application for the rabbits with Achilles tendinitis. In the
study, the radiation therapy was applied for 15 days at a
dose of 1.8 J/cm² with a laser device with a wavelength of
650 nm. As a result, satisfactory improvement in tendon
healing and clinical findings has been obtained by PRP
and LLLT applications [25]. Our study differs from this
study in terms of dosing and application times with lower
dose and less application [25]. Taking into consideration
lameness score, a good improvement was also obtained
for the rabbits in Group II at the end of the study with less
intense connective tissue formation than the other group.
A satisfactory tendon healing reported by Allahverdi et
al. [25] might be due to the effect of PRP combination
besides LLLT.

Furthermore, lameness continued in 30% of the rabbits in
Group II, 50% of the rabbits in Group I, and 80% of the rabbits
in Group III between 7 and 14 days of the study. This indicated
that the rabbits in Group II gained mobility more quickly.
In another study, Achilles tendon injury induced by
experimental tenotomy was treated with a HeNe 632.8
nm laser device with a daily laser beam of 1.0 J/cm² for
14 days [31]. As a result, there was a 26% increase in
collagen concentration with laser photostimulation,
and a faster healing process was observed in the treated
tendons compared to the control group [31]. Similarly, in
a different study where both ultrasound and a laser device
with a wavelength of 904 nm were applied with a dosage
of 1 J/cm² and a frequency of 16 Hz, it was noted that the
collagen level increased on the 10th and 21st days of the
treatment [27]. Contrary to these studies, a higher amount
of collagen increase was observed in Group II compared
to Group I in our study, this might be also due to different
dose and combined application for the mentioned studies.
As a result, successful results were obtained from
LLLT and DMSO applications in the treatment of tendon
injuries that may occur due to various reasons. It is
thought that DMSO provides a better recovery when these
two applications are compared. However, it is suggested
that combined application of DMSO and LLLT may have a
positive effect on the healing process.
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